RC 20836 (92273) 08 May 97; revised 30 Dec 97
Computer Science

IBM Research Report

Courteous Logic Programs:

Prioritized Conflict Handling For Rules

Benjamin N. Grosof

IBM Research Division
T.J. Watson Research Center
P.O. Box 704, Yorktown Heights, NY 10598, USA
(914) 784-7783 direct -7455 fax -7100 main
Internet e-mail: grosof@watson.ibm.com
(or grosof@us.ibm.com or grosof@cs.stanford.edu)
Web: http://www.research.ibm.com/people/g/grosof

LIMITED DISTRIBUTION NOTICE

This report has been submitted for publication outside of IBM and will probably be copyrighted if
accepted for publication. It has been issued as a Research Report for early dissemination of its con-
tents. In view of the transfer of copyright to the outside publisher, its distribution outside of IBM prior
to publication should be limited to peer communications and specific requests. After outside publica-
tion, requests should be filled only by reprints or legally obtained copies of the article (e.g., payment
of royalties).

Research Division
=%= Almaden - T.J. Watson - Tokyo - Zurich




Abstract

We define courteous logic programs, an expressive superclass of general logic
programs, for the acyclic case. Courteous LP’s feature not only classical
negation as in extended LP’s (Gelfond & Lifschitz), but also prioritized con-
flict handling. We show courteous LP’s always have a consistent and unique
answer set, which can be computed in O(m?) time, where m is the size of the
ground-instantiated program, as compared to O(m) time for general LP’s.
Courteous LP’s provide a method to resolve conflicts that arise in authoring
(specifying), updating, and merging. This is especially useful for creation of
rule-based intelligent agents by non-technical authors, e.g., for commercial
applications such as personalized information filtering and workflow. Cur-
rent work includes: implementing courteous LP’s for such applications, in
IBM’s RAISE system; generalizing expressively, e.g., to permit recursion;
and developing methods for interactive acquisition of rules, e.g., conflict
analysis and inter-agent communication.

Summaries of this paper: This paper includes various lengths of sum-
maries of itself. In ascending order of size, see: this Abstract, the Long
Abstract, the Introduction and Overview (Section 1), and the Talk Slides
(Appendix B).



Intended Audience: This paper has been written so as to direct it towards
an audience familiar with logic programming. However, Appendix A
includes review of background logic programming concepts.

Publication Information: This paper is a considerably extended version
of our earlier paper entitled “Prioritized Conflict Handling for Logic Pro-
grams” which appeared in the Proceedings of the 1997 International Logic
Programming Symposium (i.e., of [21]). (That earlier paper does not in-
clude proofs.) This paper’s fundamental technical content also essentially
supersumes that of our previous paper entitled “Practical Prioritized De-
faults Via Logic Programs”, IBM Research Report RC 20464, which in turn
is an extended version of the paper that appeared at the International Work-
shop on Non-Monotonic Reasoning, held in July 1996. That previous paper
is directed towards an audience familiar with non-monotonic reasoning and
artificial intelligence.

Related Papers and Material: can be found via the author’s Web address
and as IBM Research Reports at http://www.research.ibm.com .
Appendix B contains talk slides.

Keywords: logic programming, default reasoning, priorities, non-
monotonic reasoning, intelligent agents, rules. More keywords: applications,
knowledge acquisition, usability, locality, modularity, tractability, negation-
as-failure, Prolog, updating, belief revision, advice-taking, artificial intelli-
gence, machine learning, deductive databases.
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Long Abstract

We define acyclic (non-recursive) courteous logic programs, an expressive
superclass of acyclic ordinary (“general”) logic programs. Courteous logic
programs are equipped with classical negation and prioritized conflict han-
dling. We show courteous inferencing is computationally tractable for the
(acyclic) propositional case, e.g., under the Datalog restriction.

As in extended logic programs [11], classical negation is permitted in rule
heads and bodies (in addition to negation-as-failure in the bodies). Rules
having head p may thus conflict with rules having head —p. In extended
logic programs, such conflict results in global inconsistency; every literal is
a conclusion.

Courteous logic programs feature a disciplined form of conflict han-
dling that guarantees a consistent and unique set of conclusions (answer
set). Partially-ordered prioritization among rules is optionally specified ex-
plicitly via a prioritization sub-program: a (possibly empty) set of facts
about a reserved predicate Qverrides. Each rule has an optional label;
Overrides(labell,label2) specifies that a rule with labell has higher priority
than a rule with label2.

The courteous approach hybridizes ideas from the field of general
non-monotonic reasoning with those of logic programming. Each rule
head <« bodyl is treated as a default: if bodyl succeeds, then head will
succeed unless there is an unrefuted conflicting rule —head <« body2 whose
body2 succeeds. Refutation is based on strict priority. Conflict unresolved
by strict priority is treated skeptically: neither head nor —head is concluded.

Prioritized conflict handling is useful to represent updating and merging,
as well as specificity and inheritance with exceptions, as we illustrate with
several examples. Classical negation plus consistency offers the convenient
capability to infer —p from rules (as well as p from rules), while still enforcing
mutual exclusion between p and —p.

We show that the entire courteous answer set can be computed in O(m?)
time, where m is the size of the ground-instantiated program (i.e., the propo-
sitional representation), as compared to O(m) time for ordinary logic pro-
grams. This is a relatively low overhead to pay for adding the features of
prioritized conflict handling and classical negation.

By contrast, conflict handling in most expressively powerful formalisms
for prioritized default reasoning is an additional source of NP-hard complex-
ity beyond the base reasoning. Key to courteous programs’ computational
and conceptual simplicity is that conflicts are resolved locally: by refutation
and skepticism among rules that mention (positively or negatively) the same
head atom.

Courteous LP’s provide a method to resolve conflicts that arise in author-
ing (specifying), updating, and merging. This is especially useful for creation
of rule-based intelligent agents by non-technical authors, e.g., for commercial
applications such as personalized information filtering and workflow.
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Current work includes: implementing courteous LP’s for such applica-
tions, in IBM’s RAISE agent-builder system; generalizing expressively, e.g.,
to permit recursion; and developing methods for interactive acquisition of
rules, e.g., conflict analysis and inter-agent communication.

For yet longer summaries of this paper, see the Overview (i.e., Section 1)

and the Talk Slides (Appendix B).



1 Introduction and Overview

Our aim in developing courteous logic programs is to improve the expressive
convenience of logic programs, especially for applications in intelligent infor-
mation agents. We call the formalism “courteous” for two reasons. irst,
it respects precedence, i.e., priority relationships etween rules. econd,
even in the presence of con ict etween rules, it is “well- ehaved” in the
sense of there eing a consistent, tracta ly computa le, and uni ue set of
conclusions.

n interesting application area for logic programming that motivates our
wor is “information- ow” applications enhanced y rule- ased intelligent
agents. n these applications, agents control the ow of information items.

heir tas s include not only nding and ltering, ut also categori ing,
prioriti ing for attention, storing and managing, monitoring and notifying,
and selectively forwarding, disseminating and sharing.
has released gent wuilding nvironment as a tool it prod-
uct alpha, for uilding such applications. t is currently availa le free on
the World Wide We  see http www.raleigh.i m.com iag iaghome.html .
is ased on our group s research system eusa le gent ntel-
ligence oftware nvironment also see author s We address
for more . s approach revolves around a logic program. n
the currently released version of , this logic program is acyclic non-
recursive , atalog, and positive without negation-as-failure . nferencing
is in the forward direction, and is exhaustive i.e., all conclusions are gener-
ated. n innovative feature in is its patent-pending approach
to “situating” the logic program s reasoning y augmenting it with clean and
dynamic procedural attachments for perception and action. has already
uilt several practical intelligent agents applications ased on
in e-commerce shopping, customer service, e-mail, and netnews. everal oth-
ers are underway, mostly in cooperation with s customers and usiness
partners.

n this application area, it is valua le to facilitate authoring i.e., speci-
fying of logic programs y relatively non-technical users, e.g., as part of per-
sonali ing rule- ased intelligent agents. ule sets are not “shrin -wrapped”
with the application. ather, a user is the “domain expert” for her own
“wor ow”, e.g., for specifying her mail handling or shopping interests.

hese users specify their rule sets via forms and templates that are often
application-speci c. “ nder the covers”, the rules are then re-formatted as
a more standard logic program.

“

We are attracted y the expressive power of classical negation as in ex-
tended logic programs . here, classical negation is permitted in rule
heads and odies in addition to negation-as-failure in the odies . his of-
fers the convenient capa ility to reason in a rst-class way a out oth sides

¢

of a proposition  say, ¢ ighly mportant” for e-mail i.e., a out as
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